Controversies in the Field
In the Beginning
say for self-renewal potential. They also realized that the nodules on the surface of the spleen-which they called colony-forming units-spleen (CFU-S)-had variable capacity for self-renewal, suggesting a functional heterogeneity within the population. This heterogeneity has led to the concept that not all stem cells are created equal, even though stem cells as a class are the most primitive cells within a tissue and provide the organ with a renewable source of differentiated progeny. During the next decade, assays for more mature clonogenic progenitor cells of bone marrow grown in vitro were developed. A hierarchy was established and as these cells differentiated they were shown to lose the self-renewal potential characteristic of the earliest cells in the stem cell compartment. The observed heterogeneity also implied that regulation of clonal expansion may be stochastic. These basic tenets of stem cell biology, namely, that the stem cell must demonstrate both self-renewal and differentiation potential, have remained both conceptually and practically the same even given the decades of additional research to understand how stem cells maintain homeostasis of the organism.
Controversies in the Field
It was nearly 30 years after the discovery of CFU-S by McCulloch and Till that bone marrow hematopoietic stem cells (HSCs) were isolated successfully, enabling HSCs to be studied directly rather than through colonyforming assays. Yet this delay did not deter McCulloch and Till, their colleagues, and their students from continuing to establish the fundamental physiological roles of HSCs and hematopoietic progenitor cells. They realized that the clonogenic assays, although quantitative, did not directly measure the engraftment potential of the stem cell. The colony assay for CFU-S, although providing an observable window on the potential of mouse HSCs in the short term (that is, 1 to 2 weeks post-transplant), did not establish the potential of these cells for long-term engraftment. Other groups set out to identify the external factors that influenced the selfrenewal and differentiation of HSCs. Identification of new growth factors suggested extrinsic regulation rather than intrinsic control of stem cell properties. As scientists discovered these growth factors, they began to argue against the stochastic hypothesis of clonal expansion of stem cells. They developed an alternative deterministic hypothesis: that HSC renewal and differentiation were regulated by the external microenvironment. These two opposing arguments, heated at times, have been at least partially reconciled by recognition that the clonal expansion and regulated differentiation of HSCs both contribute to long-term engraftment of donor HSCs in recipient bone marrow. However, each hypothesis will be challenged over and over again, as 
Cancer Stem Cells
After establishing the basic tenets of stem cell biology, McCulloch and Till turned their attention to leukemia. From the late 1970s until today, the Toronto group has been instrumental in comparing the properties of normal stem cells with those of malignant cells. They predicted that in acute myelogenous leukemia the culprit was abnormal gene expression rather than a block in differentiation. They found that in myeloid cell lines selfrenewal could be equated with immortality and suggested that determination of differentiation in leukemia was promiscuous. This infidelity could be a result of genetic reprogramming similar to the plasticity that has most recently been observed with normal stem cells. As a result of these studies, the concept evolved that within a tumor there is a small population of initiating cells that are now termed cancer stem cells. Currently, this concept is under intense investigation. Solid tumors of tissues such as breast and lung are being examined to identify this rare cell type. It is hoped that removal of this initiating cell by selective destruction will lead to more efficacious therapies. Once again, characterization of the proliferative and differentiation capacities of these abnormal stem cells follows the biological properties outlined by those earlier pioneering studies of McCulloch and Till.
Concluding Remarks
The importance of stem cell biology should not be underestimated given the potential for these cells to repair injured tissues, to become the target for destruction following malignant transformation, and to allow us to understand genetic and epigenetic changes during cellular proliferation and differentiation. Forty-five years ago, two basic scientists found nodules on the spleen of irradiated rodents transplanted with donor bone marrow. These nodules represented for the first time the clonal expansion of a stem cell. The cell itself would be difficult to capture, but McCulloch and Till developed an assay to study its behavior. When new students join my lab, I insist that they set up a spleen colony assay. The assay teaches techniques such as intravenous injection and sterile handling of bone marrow cells. It also shows reproducibly the clonal nature of stem cells as the students carry out the same cell dose-response curve for injected bone marrow cells that McCulloch and Till used to so elegantly show that the number of spleen colonies is directly proportional to the number of bone marrow cells injected.
I can think of no more deserving a team for the Lasker award than that of Earnest McCulloch and James Till, whose revolutionary studies ignited the field of stem cell biology so many years ago.
